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Field Of The Invention 
This invention relates to a method of treating a barrier metal surface prior to 
copper deposition thereon to improve the adhesion and trench filling characteristics of the 
copper deposition and, more particularly, to a method of pre-treating a barrier metal 
surface during a rapid thermal process in a vacuum or with a non-reactive gas such as 
hydrogen, argon or helium in a temperature range of 200 to 550 degrees Celsius, prior to 
the deposition of the copper film. The rapid thermal pre-treatment process improves the 
adhesion and trench filling characteristics of the subsequently deposited copper film. 

Background Of The Invention 
Two of the challenges faced in the metallization process steps of integrated circuit 
(IC) fabrication include achieving good adhesion of a copper (Cu) film to the underlying 
barrier metal layer, and achieving good gap filling characteristics of the Cu film in 
narrow trenches or vias. In particular, it is difficult to fill narrow trenches or vias, having 
a diameter of 0. ISjim or less, with copper (Cu) deposited by chemical vapor deposition 
(CVD), and at the same time maintain good adhesion of the Cu film to the underlying 
barrier metal film. Inadequate adhesion of the Cu film or uneven filling of the Cu film in 
the narrow trenches will result in an unusable or unreliable integrated circuit (IC) device, 
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In order to increase adhesion and gap filling characteristics of the Cu films, 
various pre-treatments and precursor compounds have been used. However, these pre- 
treatments and precursor compounds often result in variations in the deposited Cu film. 
These variations in the deposited Cu film are a severe problem which heretofore has 
hindered the application of CVD Cu films in IC processing. 

Summary Of The Invention 

The method of the present invention provides a rapid thermal process (RTP) 
wherein silicon wafers that are pre-coated with barrier metal films by either in-situ or ex- 
situ CVD or physical vapor deposition (PVD) are pre-treated, prior to deposition of a Cu 
film thereon, in a temperature range of between 300 and 550 degrees Celsius in a non- 
reactive gas such as hydrogen gas (H2), argon (Ar), or helium (He), or in an ambient 
vacuum. The chamber pressure typically is between 0. 1 mTorr and 20 Torr, and the RTP 
time typically is between 30 to 100 seconds. Performing this rapid thermal process 
before the deposition of the Cu film results in a thin, shiny, densely nucleated, and 
adhesive Cu film deposited on a variety of barrier metal surfaces. The pre-treatment 
process eliminates variations in the deposited Cu film caused by Cu precursors. In other 
words, the RTP disclosed herein is insensitive to variation in precursor composition, 
volatility, and other precursor variables. Accordingly, the process disclosed herein is an 
enabling technology for the use of metal organic CVD (MOCVD) Cu in IC fabrication. 

In particular, the invention comprises a method of pre-treating a barrier metal 
layer of a partially finished integrated circuit device prior to the deposition of a copper 
film thereon, comprising the steps of: providing a partially finished integrated circuit 
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device including a barrier metal layer; subjecting said barrier metal layer to a temperature 
greater than 200 degrees Celsius for at least thirty seconds to form a pre-treated barrier 
metal layer; and depositing a copper film on said pre-treated barrier metal layer. 

The invention further comprises a method of pre-treating a barrier metal layer of a 
partially finished integrated circuit device for the deposition of a copper film thereon, 
comprising the steps of: providing a partially finished integrated circuit device including 
a barrier metal layer having a trench or a via therein; subjecting said banier metal layer to 
a temperature greater than 200 degrees Celsius for at least thirty seconds in an 
atmosphere chosen from the group consisting of: an ambient vacuum, hydrogen gas, 
argon gas, and helium gas to form a pre-treated barrier metal layer; and thereafter 
depositing a copper film on said pre-treated barrier metal layer and throughout said 
trench. 

The invention also comprises an integrated circuit device manufactured by the 
process of: providing a partially finished integrated circuit device including a barrier 
metal layer; subjecting said barrier metal layer to a temperature greater than 200 degrees 
Celsius for at least thirty seconds; and thereafter depositing a copper film on said barrier 
metal layer. 

Accordingly, an object of the invention is to provide a method of pre-treating a 
barrier metal layer so as to improve the deposition of a Cu film thereon. 

A further object of the invention is to provide a method of pre-treating a barrier 
metal layer so as to improve the adhesion of a Cu film thereto. 

Another object of the invention is to provide a method of pre-treating a barrier 
metal film so as to improve the trench and via filling characteristics of Cu applied thereto. 
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A further object of the invention is to provide a method of reducing variations in 
Cu deposition caused by Cu precursors. 

Brief Description Of The Drawings 
FIG. 1 is a schematic of a barrier metal layer deposited on a substrate. 
FIG. 2 is a schematic of the barrier metal layer being subjected to the pre- 

treatment rapid thermal process step of the present invention. 

FIG. 3 is a schematic of the copper deposition step of the process of the present 

invention. 

FIG. 4 is a schematic of the copper layer deposited on the barrier metal layer after 
the rapid thermal pre-treatment process step. 

FIG. 5 is a flow diagram of the process of the present invention. 

Detailed Description Of The Preferred Embodiments 
Turning now to the drawings, FIG. 1 shows a partially processed integrated circuit 
(IC) device 10 including a substrate 12, a low dielectric constant (k) interlayer dielectric 
(ILD) layer 14 and a barrier metal layer 16 positioned thereon. The silicon wafers 10 
typically are pre-coated with barrier metal films 16 by either in-situ or ex-situ CVD or 
physical vapor deposition (PVD) prior to deposition of a Cu film thereon. Barrier layer 
16 may comprise titanium nitride (TiN), tantalum nitride (TaN), or other such barrier 
metals as known in the art. Layer 14 includes a trench or via 18 which extends through 
layer 14 and to substrate 12. Those skilled in the art will understand that substrate 12 
may comprise any nxamber and/or variety of layers or devices but is referred to merely as 
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a substrate for ease of illustration. Barrier metal layer 16 is evenly deposited, or 
otherwise placed, completely over layer 14 and on the side walls and bottom siirface of 
trench 1 8. 

Trench 18, with barrier metal layer 16 extending downwardly therein, has a depth 
20 similar to the thickness 22 of layer 14. For purposes of the present invention, the term 
trench means any type of depression or recess as known in the art, for example, a trench 
or a via. The trench also includes a width or diameter 24 which may be quite narrow. In 
particular, width 24 may be on the order of 0.13)im or thereabout, and generally is in the 
range of less than 0. 1 5|im. Due to the narrow width of trench or via 1 8, a copper (Cu) 
film is not easily deposited on walls 26 and 28, and on bottom surface 30 of the trench. 
Moreover, prior art processing steps which desire to achieve good adhesion of the Cu 
film to the barrier metal layer, often result in poor gap filling characteristics of the Cu 
film in the trench or via. 

FIG. 2 shows the IC device of FIG, 1 subjected to the pre-treatment rapid thermal 
process step, indicated by arrows 32. Arrows 32 represent the conditions of the RTF step 
which include subjecting barrier metal layer 16 to a non-reactive gas such as hydrogen 
gas (H2), argon (Ar), or helium (He), or to an ambient vacuum. The temperature range of 
the process typically is greater than 200 degrees Celsius, and preferably is between 250 
and 550 degrees Celsius. The chamber pressure typically is between 0. 1 mTorr and 20 
Torr, and the RTF time typically is between 30 to 100 seconds. This pre-treatment 
process eliminates variations in the subsequently deposited Cu film which may be caused 
by Cu precursors. In other words, the RTF disclosed herein is insensitive to variations in 
precursor composition, volatility, and other precursor variables. After being subjected to 



5 



the RTP process described above, barrier metal layer 1 6 is ready for the deposition of the 
copper film thereon. 

FIG. 3 is a schematic of the copper deposition step of the process of the present 
invention. The Cu deposition step is represented by arrows 34, The deposition of the Cu 
film may be by physical vapor deposition (PVD), chemical vapor deposition (CVD), or 
any other known means of placing a copper film on a barrier metal layer. In the preferred 
embodiment, copper deposition step 34 comprises CVD in order to achieve a uniform and 
thin layer of copper material on pre-treated metal barrier layer 16'. The conditions of the 
CVD of Cu are well known in the art and will not be discussed herein, 

FIG. 4 is a schematic of a copper layer 36 deposited on pre-treated barrier metal 
layer 16* after the rapid thermal pre-treatment process step 32 described above. 
Performing the rapid thermal process step before the deposition of the Cu film results in a 
thin, shiny, densely nucleated, and adhesive Cu film 36 being deposited on a variety of 
barrier metal surfaces such as TiN or TaN. The copper film 36 is evenly distributed on 
layer 1 6, including throughout trench or via 1 8. In particular, Cu layer 36 is deposited in 
trench or via 18 so that the entire trench or via is filled with copper material and does not 
include key holes or other such variations in the copper layer. The adhesive Cu film 36 
deposited on pre-treated barrier metal layer 16' withstands traditional tape tests and does 
not flake or peel from pre-treated barrier metal layer 16', as do the deposited Cu films of 
the prior art. Accordingly, the deposited Cu film has superior adhesive and trench filling 
characteristics compared to prior art Cu deposition processes. Moreover, the rapid 
thermal process step of the present invention has isotropic characteristics which is an 
advantage of this process in comparison to other surface treatments, such as plasma 
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treatments. In particular, the rapid thermal process step 32 of the present invention 
results in better step coverage and trench fill. Accordingly, the process disclosed herein 
is an enabling technology for the use of metal organic CVD (MOCVD) Cu in the 
fabrication of IC devices. 

FIG. 5 is a flow diagram of the process of the present invention. Step 50 
comprises providing a partially processed integrated circuit (IC) device 10 including a 
substrate 12, a low dielectric constant (k) interlay er dielectric (ILD) layer 14 and a barrier 
metal layer 16 positioned thereon, wherein layer 16 typically includes one or more 
trenches or vias 1 8. The IC device is then subjected to the pre -treatment rapid thermal 
process step. The first step 52 of the pre-treatment process involves choosing the gas 
condition that will be utilized. The conditions of step 52 include subjecting barrier metal 
layer 16 to a non-reactive gas such as Hydrogen gas (H2), Argon (Ar), or Helium (He), or 
to an ambient vacuum. Step 54 includes choosing the temperature of the process, which 
typically is greater than 200 degrees Celsius, and preferably is between 250 and 550 
degrees Celsius, Step 56 includes choosing the chamber pressure, which typically is 
between 0.1 mTorr and 20 Torr, Step 58 includes choosing the process time, which 
typically is between 30 to 100 seconds. Step 60 includes subjecting the IC device, and in 
particular barrier metal layer 16, to the vacuum/gas, temperature, and pressure chosen 
above, for the chosen time period. This pre-treatment process results in a pre-treated 
barrier metal layer, shown as layer 16' in FIG. 4, which is ready for the deposition of a 
copper film thereon. Step 62 includes depositing a copper film on pre-treated barrier 
layer 16' by process steps as known in the art. The deposition of the Cu film in step 62 
may be by physical vapor deposition (PVD), chemical vapor deposition (CVD), or any 

7 



other known means of placing a copper film on the pre-treated barrier metal layer. In a 
preferred embodiment, the Cu film is deposited by CVD due to its superior film 
application characteristics on barrier metal layers. 

In a preferred embodiment, the deposition of the barrier layer on the substrate, the 
RTF treatment, and the deposition of the Cu film are all accomplished in-situ (without a 
vacuum break, but in different process chambers), thereby facilitating efficiency and cost 
effectiveness in the fabrication process. Of course, the steps may be undertaken ex-situ 
(with a vacuum break, and exposed to air), or in a combination of in-situ and ex-situ 
steps. 

Thus, an improved IC device having a Cu film deposited thereon, and a rapid 
thermal pre-treatment process of manufacturing the same, has been disclosed. Although 
preferred structures and methods of manufacturing the device have been disclosed, it 
should be appreciated that further variations and modifications may be made thereto 
without departing from the scope of the invention as defined in the appended claims. 
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